were derived by limiting dilution in 96-well microtiter plates, trypsinizing wells containing single well-defined colonies . Clones were designated B9, E9, E10, F11, and G11 . Virusinfected derivatives of these lines were produced by infecting the cells with helper-free MSV, MLV, or MLV/MSV after treatment with DEAE-dextran (25,ug/ml for 30 min at 37°C) . ¢2 cells (10) were obtained from A . Gebhardt, Cancer Research Fund, London, U .K . All cells were cultured in Glasgow MEM with 5%-inactivated newborn calf serum .
The infected cell types used were : KC3H, KBALB, and KMEF, which were C3H10T'/s, BALB/c3T3, and C3H embryo fibroblasts, respectively, infected with Ki-MSV/MLV ; KLVC3H and KLVBALB, which were C3H10T'/2 and BALB/c3T3 infected with Ki-MLV alone ; C3H201 and BALB208, which were C3H10T'/2 and BALB/c3T3 infected with helper-free Ki-MSV .
Viruses . Stocks of Ki-MLV and Ki-MSV/MLV were derived from NIH3T3 fibroblasts producing these viruses (11) . Helper-free Ki-MSV was produced by transfecting the packaging cell line 02 with a clone of Ki-MSV, KCC7 (12) . Transfected 1G2 cells (which clearly were morphologically transformed) were grown up and supernatant was harvested . This contained about 1,000 focus-forming units of MSV per milliliter, and this was used undiluted to infect C3H10T'/2 and BALB/c3T3 cells to give C31-1201 and BALB208 respectively . The absence of helper virus was confirmed by repeatedly harvesting supernatants from C3H201 ; no transforming virus was detected nor were viral antigens detectable by Western blotting using Ki-MLV-specific antisera .
IFN-y and Induction of MHC Antigens. Recombinant murine IFN -'Y (rMuIFN-'Y) was produced in CHO cells using constructs as described elsewhere (13) and purified to a sp act of 106 U/mg . IFN titer and IFN sensitivities of different cell lines were assessed using Semliki Forest Virus (14) .
Fibroblasts were treated with 10 U/ml rMuIFN-y and 3 d later were harvested for staining for MHC antigens . mAbs and Antisera . mAbs used against murine MHC antigens were as follows : Anti-H-2K'`: TIB95/11 .4 .1 (ascites diluted to 1/100) ; anti-H-2D' : HB24 (purified antibody at Results and Discussion Expression of MHC Antigens by Fibroblasts. MHC antigens could not be detected on the surface of C3H10T'/2 fibroblasts unless they were treated with IFN-y . 10 U/ml of IFN-y, however, induced the expression of H-2K, A, E and D, i .e . both class 1 and class II MHC (Fig . 1) . BALB/c3T3 fibroblasts on the other hand, express low but clearly detectable levels of class I antigen without MHC Antigens. Of the various fibroblasts described above, only BALB/c3T3 showed MHC antigen expression in the absence of IFN-y, although all three were inducible for class I antigens, and infection with Ki-MLV, -MSV, or both did not cause a significant reduction in this constitutive expression . The effects ofinfection ofall three cell types with Ki-MLV/MSV complex on IFN-y-induced class I expression appeared to be minimal, although the consistent reductions observed suggest it may be real; and likewise infection of C3H10T'/2 or BALB/c3T3 with either MLV or MSV (alone) had minimal effects on class I expression . C3HIOT'/2 was alone, in that class II MHC antigens were induced by IFN-y ; however, they could not be induced on derivatives of C3H10T'/2 infected with Ki-MLV/MSV complex (Fig. 2, top panels) . Whether this was due to the MLV or to the MSV, or to a combination of the two, can be assessed by the effects of each virus independently on C3H l OT'/2 . Class II antigens were clearly induced on KLVC3H (MLV-infected C3Hl0T'/2) in a way similar to the parental C3H10T'/2 (Fig. 2) , strongly suggesting that the inhibition of class II MHC expression was the function of Ki-MSV.
To test further whether Ki-MSV was responsible and whether it could inhibit class II expression on its own, C3H l OT'/2 cells were infected with helper-free Ki-MSV. These C3H201 cells, like KC3H, could not be induced for class II MHC antigen expression (Fig. 2) , showing MSV to be responsible for this inhibition . To ensure that the failure of class II induction was not due simply to changes in IFN sensitivity, the MSV-infected cells were subjected to antiviral assay; the results indicated that there had been no change in sensitivity (data not shown) . However, to exclude completely this possibility, a dose-response experiment was carried out with C3H201 . In this it was found that H-2K expression was nearly maximal at 10 U/ml IFN-y and no increase occurred beyond 100 U/ml; however, even at 1,000 U/ml no induction of H-2A occurred .
It is clear then that it is Ki-MSV and not Ki-MLV that is inhibiting the (12), it is unlikely that these are involved, and more probably it is the v-Ki-ras gene (the only gene encoded by Ki-MSV) that is responsible.
This has clear implications on tumor immunity, where it may be that part of the tumorigenic potential of v-Ki-ras resides in its ability to inhibit IFN-induced increases in MHC antigen expression, at least in some cell types. As expected, C3H201 readily produced tumors in vivo in syngeneic C3H/Hej mice, while the parent line C3HIOTI/2 could not. Similar mechanisms could apply to other oncogenes like adenovirus E 1 A, which in oncogenic adenoviruses has been shown both to reduce MHC expression and to be oncogenic (7). It is not clear at this stage whether we are observing a direct effect of ras or an effect of a downstream phenotypic change consequent upon ras expression .
Five Clones of C3HIOTI /2 All Express Class II Antigens. It can be observed above that the levels of class II MHC antigen expression on IFN-7-treated C3HIOTI/2 covered a broad range. Although the C3H10TI/2 cell line has been cloned previously this raises the albeit unlikely possibility that it contains subpopulations of cells that respond to IFN-7 with differing levels of class II antigen expression . If this is the case, Ki-MSV could be transforming preferentially the unresponsive cells, thus giving the results above.
To test this, C3H l OTI/2 was cloned by limiting dilution and single colony wells were chosen for analysis . Five clones were treated with 10 U/ml IFN-7 and stained for H-2 antigens 3 d later. All clones showed inducibility for class I (H-2K and D) and class II (H-2A and E) MHC antigens. Some small variation between clones was seen in levels of expression . Most of these clones (4/5) exhibited a broad spread of H-2A and H-2E expression very similar to the parent line . The fifth clone, F11, exhibited a noticably higher level of expression of H-2A and H-2E than the others, with slightly less of a spread in levels . FI I also expressed H-2K at a higher level than the other clones . Expression of H-2K and Fig. 3 . First, the spread seen in class II antigen expression by the clones confirms that the similar spread seen for C3H10T'/ was due to an intrinsic property of the cell line and not (at least to any significant degree) to nonresponsive subline(s) within the population . Second, it is noteworthy that all clones analyzed expressed clear levels of class II MHC antigen after exposure to IFN-y, suggesting again that C3HIOT'/ is at least reasonably homogeneous in its response to IFN-y. In addition, it is interesting that one clone was isolated that expressed a higher level of class II antigen .
These results are good evidence against the slight possibility of MSV selectively transforming uninducible cells and therefore support the conclusion that Ki-MSV inhibits the induction of class II antigens in C3H l OT 1 /2 cells that it transforms .
Summary
The effect of infecting fibroblasts with Kirsten murine sarcoma virus/murine leukemia virus (Ki-MSV/MLV) on constitutive and IFN-y-induced H-2 antigen expression was investigated . The fibroblasts used were two established cell lines (C3Hl0T'/2 and BALB/c3T3) and fresh embryo fibroblasts from C3H mice . Class I antigens were expressed constitutively by BALB/c3T3 ; infection with MLV, MSV or the two together had little effect on this constitutive expression . Class I antigens (H-2K, H-2D) were strongly induced on all three types of fibroblast by rIFN-y, and infection had little effect on this. None of the fibroblasts expressed constitutively detectable levels of class II antigen; however, C3H lOT'/ fibroblasts could be induced for both H-2A and H-2E by IFN-'y . Infection of C3H10T'/ with helper-free Ki-MSV, or MSV together with MLV, completely abolished this induction of class 11 antigens, while infection with MLV alone had Received for publication 27 October 1987 and in revised form 2 December 1987.
